Abstract-In recent years, image fusion has become the focus of image processing. For the fusion problems of the multifocus images with the same scence, this paper proposed a new fusion method based on nonsampled contourlet transform(NSCT). Firstly, source images are decomposed in different scales and directions by NSCT, thus the low frequency subband coefficients and the high frequency subband coefficients are obtained. Secondly, for the low frequency subband coefficients, we present a fusion rule based on the local entropy; while for the high frequency subband coefficients, a fusion rule based on the directional contrast combined with the local area energy is applied. Finally, the fused image is obtained through the inverse NSCT. Compared with the fusion method based wavelet and other fusion methods, the experiments show that this approach can achieve better results than them.
INTRODUCTION
Nowadays, image fusion [1] [2] has become an important subarea of image processing. For one object or scene, multiple images can be taken from one or multiple sensors. These images usually contain complementary information. A variety of fusion algorithms have been proposed by scholars both at home and abroad. Especially, the image fusion based on multiresolution analysis that can reveal the important characteristics and detail information in different scales and resolution are widely employed in practical occasions and great success has been obtained.
Because of the multi-resolution and good properties of time-frequency analysis, wavelet [3] [4] transform reveals its good performance in the image fusion field, however, it can only capture limited orientation information, including horizontal, vertical and diagonal orientations in each decomposition stage. As a result, the sparse image representation cannot be realized via wavelet transform. In order to overcome the problem, several modifications were conducted by scholars who proposed new representation schemes, such as ridgelets and curvelets, but the effects were still not satisfactory enough. In 2002, Do and Vetterli put forward a comparatively outstanding two-dimensional image representation called contourlet transform (CT) [5] [6] that consists of the Laplacian pyramid and the directional filter bank (DFB). In comparison with the above transforms, CT owns not only better multi-scale, timefrequency properties, but surprising multi-direction frequency localization and a fast implementation. Unfortunately, due to upsamplers and downsamplers present in the course of decomposition and reconstruction, CT does not possess shiftinvariance, which leads to the emergence of the Gibbs phenomena. As a form of modified CT, non-subsampled contourlet transform (NSCT) [7] [8] , presented in 2006, not only inherits the multi-scale, multi-directional characteristics that CT has, but also the property of shift-invariance. In addition, it has been recognized that NSCT has an efficient ability to capture the detail information of the image.
The remainder of this paper is organized as follows. In Section , we describe the NSCT and its basic structure. In Section , the whole frame of image fusion and concrete steps are presented. A simulation example and relevant analysis are given in Section . Section concludes.
II. NSCT TRANSFORM
NSCT falls into two phases, including non-subsampled pyramid (NSP) and non-subsampled directional filter bank (NSDFB). The former phase ensures the multi-scale property by using two-channel non-subsampled filter bank, and a lowpass image with a band-pass one can be produced at each NSP decomposition stage. The subsequent NSP decomposition stages are carried out to decompose the low-pass component available iteratively to capture the singularities in the image. The perfect reconstruction condition is given followed.
G are the corresponding synthesis filters.
NSCT frame is illustrated in Figure 1 (a). Then high frequency components on scales after decomposition can be divided into arbitrary direction of power two by NSDFB, as shown in Figure  1 The nonsubsampled directional filter banks (DFB) is shiftinvariant based on the version of sampled DFB in the contourlet transform. The building block of nonsubsampled DFB is also a two-channel nonsubsampled and it is iterated in order to obtain finer directional decomposition. For the next level, all filters sample by a quincunx matrix ( )
, Then four-direction frequency divisions are obtained. The higher level decomposition follows the similar strategy as contourlet transform.
Above all, NSCT has not only all features (multi-scale analysis, multi-directional, anisotropy, strong ability to express sparse) of contourlet transform but also shift invariance while sub-band image from the decomposition by NSCT and it can overcome Gibbs phenomenon.
III. IMAGE FUSION BASED NSCT
The basic steps of image fusion processing based NSCT are as follows, in the case of two images:
(1) Decompose two source images A and B by NSCT, which have been matched, then obtain the low-frequency subband and high frequency subband under different scales (2) Fusing each subband coefficients using different fusion operators, to get the NSCT coefffcients corresponds to the scale; (3) Reconstructing the NSCT coefficients, to obtain the fused image F.
A. Fusion of low frequency subband
Low frequency subband represents the approximate component of the image. In the reference [7] , people selects the means of simple weighted average fusion. Because of the correlation between adjacent pixels in the image, the image feature is not only decided by single pixels, but of reflected by multiple pixels together in the region. So this paper proposes local entropy [9] as discriminant criteria of the corresponding low-frequency coefficients. Entropy is defined as :
(1) When local entropy is not equal, we select lowfrequency coefficient of original image taking on relatively small local entropy as low-frequency coefficient of the fused image.
(2) When local entropy is equal, the grey disperses is almost same, so we take the mean value of the two original images' low-frequency coefficient as low-frequency coefficient of the fused image.
B. Fusion of high frequency subband
The high-frequency subband represents the detail component of the image. In the reference [7] , combined with the human eye is sensitive to local and contrast features, people proposed the band-pass direction subband coefficient fusion rules based on the directional contrast combined with the local area standard deviation . Directional contrast R of the image is defined as: [ ] 
(2) For the coefficients in the largest scale L , compute the direction contrast firstly.
High-frequency coefficients of the fused image in the maximum decomposition scale L are obtained as:
Based on the reference [7] ,for the ( ) 1 − L decomposition of the high frequency subband, we used local energy maximum criterion ,the bigger of the area energy, the corresponding area in image is more clear. Therefore the choice of the high frequency coefficient is according to the energy characteristic information of the high frequency subband, and area energy is defined as: In order to objectively evaluate the quality of the image fusion, this paper use entropy, mean, standard deviation, average gradient as evaluation indexes [10] [11] to quantitalively assess and compare the fused image.
(1) Entropy: Entropy value contains the size of the average information, reflects the probability distributions of different pixel gray values in the image, as defined in . From Table , it can be seen that entropy, mean, standard deviation and average gradient have been greatly improved by the paper's method compared with the ones of wavelet and reference [7] . The improvement of the mean and entropy shows that the method keeps the important information of the source images very well, The improvement of standard deviation shows that the method is very good at capturing the source image details and edge information, and the improvement of the average gradient shows that the method makes the fusion image more clear, fusion effect is better.
V. CONCLUSION
The paper proposed a new fusion method based on NSCT, and discussed the fusion rules of the low frequency and high frequency subband in detail. According to the characteristics of low frequency subband and the correlation between pixels, we proposed the fusion rule based on local entropy; According to the characteristics of the high frequency subband and directional property of NSCT, we present the fusion rule based on the directional contrast combined with the local area energy. Compared with the fusion method based wavelet and other fusion methods, the experiments show that this approach can achieve better results than them.
